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Gilmour and colleagues [18], who
demonstrated that in zebrafish,
axons provide instructive
guidance cues for the migration of
peripheral glia. Through the
analysis of mutations in the
zebrafish ErbB2 and ErbB3 genes,
the authors have demonstrated
that ErbB signaling provides one
of the cues for Schwann cell
migration. One of the novel
findings presented is that ErbB2/3
signaling may not be required for
motility per se, but for the directed
migration of Schwann cells along
their substrate axons. NRG1 has
been previously shown to promote
the motility and directed migration
of rat Schwann cells in vitro [19]
and it would not be too surprising
if this role was conserved between
fish and mammals in vivo. The
ability of ErbB2/3 signaling to
influence directed migration raises
the issue of how proximal and
distal regions of the axon are
distinguished and whether it is the
distribution of ErbB ligands or of
other molecules that provide cues
for directed guidance.
The most provocative claim put
forth is the concept that it is
proliferation and not survival that is
the primary regulator of pre-
myelinating Schwann cell number.
This hypothesis is at odds with the
prevailing dogma that the final
number of pre-myelinating
Schwann cells is regulated by
competition for a limiting amount
of axonally supplied NRG1.
Although this proposal is intriguing,
future studies to carefully assess
cell death in the developing
zebrafish embryos will be required
to determine if fish truly differ from
mammals in how they regulate
Schwann cell number. However,
regardless of the outcome, the
impressive strides made by Lyons
et al. [15] in understanding how
Schwann cells develop in the fish
have underscored the advantages
provided by the visual
transparency of zebrafish embryos.
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Models of sexual selection show
that female mate preferences for
elaborate male sexual ornaments
and displays can evolve when the
expression of courtship traits
reflects male fitness, through
variation in attractiveness or
viability, or both [1,2]. Although
numerous studies claim to find
evidence supporting these
hypotheses, the evidence is
usually based on measures of one
or a few components of fitness
[3]. Although indicative, this is not
convincing, because the
correlation between components
and fitness itself is variable and
Sexual Selection: The Importance
of Long-Term Fitness Measures
New results from a 20-year study of free-living song sparrows confirm
that attractive males contribute more offspring than less attractive
males. They also reveal that the offspring of preferred males produce
more descendents themselves. Females prefer males with a large song
repertoire, which further work shows is a condition-dependent
indicator of male quality.
can even be negative, as the
influence of other, unmeasured
components is ignored. It is
instructive to investigate specific
components of fitness, but only
once an association between
ornament expression and total
fitness has been established.
A more appropriate way to
evaluate the selective advantage
of male sexual ornaments — and
female mate preferences for them
— is to use ‘lifetime reproductive
success’ as an index of fitness.
Lifetime reproductive success is
usually measured from parents to
adult offspring across a single
generation. In sexual selection,
however, the consequences of
mating with particular males are
not limited to the production of
offspring and their survival to
adulthood. The offspring of
attractive males may themselves
be attractive (if male), have
stronger mate preferences (if
female), and be more viable (either
sex), and so in turn have higher
lifetime reproductive success.
Sexual selection creates variation
in offspring quality and so reduces
the utility of single generation
estimates of fitness. The solution
is to use multi-generational
measures of fitness to gain a
better estimate of how male
ornamentation affects the genetic
contribution to future generations.
In an important new study, Reid
et al. [4] used long-term data from
an isolated island population of
song sparrows (Melospiza
melodia) to quantify the effect of a
sexually selected trait — song
repertoire size — on multi-
generational estimates of fitness.
Male M. melodia sing complex
songs that comprise 4–13 song
types (Figure 1). Those with the
greatest repertoires — number of
song types per singing bout — are
preferred as mates [5,6]. Reid et
al. [4] asked whether males with
large repertoires left more
offspring, and whether the
offspring of those males had
higher reproductive success
themselves. Thus male fitness
was measured at the level of both
lifetime reproductive success and
long-term genetic contribution.
Male song sparrows with large
repertoires had significantly
higher lifetime reproductive
success than males with fewer
song types. Similar findings have
been reported in other bird
species [7,8], but Reid et al.’s [4]
study is novel in showing that
males with larger repertoires also
sired more grandoffspring,
measured at independence
(fledging) and recruitment (to the
breeding population). Moreover,
the recruited offspring of males
with large repertoires also left
significantly more grandoffspring,
suggesting that repertoire size
has effects on both individual and
offspring fitness that persist far
into the future. These results show
that conclusions drawn solely
from lifetime reproductive
success in M. melodia would
severely underestimate the
genetic contribution made to
future generations by males with
elaborate songs.
One of the major strengths of
Reid et al.’s [4] study is its logical
progression. Only once a
relationship between song
repertoire and long-term
estimates of fitness is established
do they proceed to break down
fitness into its components and
show how preference for males
with large repertoires increases
reproductive success. They found
that song repertoire size reflected
male longevity; males with large
repertoires (10–11 songs) lived
approximately 75% longer than
those with fewer (5 or 6) song
types, and therefore bred more
often and so fathered more
young. Song repertoire size was
also a significant predictor of
rearing success to independence,
and to a lesser extent,
recruitment. Male song sparrows
provision chicks and fledglings, so
these results suggest that males
with large song repertoires make
better parents. Such patterns
were unlikely to be confounded by
differential maternal investment,
as clutch size and hatching
success were independent of
male repertoire size.
How has song repertoire size
evolved to signal male fitness?
Positive correlations between
song repertoire and components
of fitness other than
attractiveness indicate that this is
a condition-dependent trait. Song
learning occurs during a rapid
growth period in the first few
months of life when food intake is
entirely dependent on parental
provisioning and early foraging
skills [9]. Experimental reduction
in diet quality during this period
has been shown to impair song
learning in one related species (M.
georgiana [9]), and to decrease
song complexity in another (zebra
finch, Taeniopygia guttata [10]).
Moreover, development of the
neural structures that determine
song repertoire size — particularly
the high vocal centre [10] —
exhibits heightened sensitivity to
environmental stress relative to
other areas of the brain [11].
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Figure 1. Singing for
success.
Males with the most
complex songs leave the
most descendents in the
song sparrow Melospiza
melodia. (Photo courtesy
of Doug Backlund.)
Mariolina Salio1 and 
Vincenzo Cerundolo2
In the last ten years remarkable
progress has been made in
understanding the molecular basis
of discrimination between self and
foreign pathogens, a process that
ultimately leads to the activation
of the innate and the adaptive (i.e.
T-cell-mediated) immune
response. Key players in the
innate immune response are
‘pattern recognition receptors’
(PRRs), a family of evolutionarily
conserved receptors that
selectively recognize molecular
signatures of invading pathogens,
so-called ‘pathogen-associated
molecular patterns’ (PAMPs) [1].
Toll-like receptors (TLRs) are
amongst the best characterized
PRRs and this family of receptors
comprises 11 members, each of
which mediates responses to
distinct PAMPs (for a recent
review, see [2]). TLR signaling
induces antigen-presenting cell
(APC) activation, thereby bridging
the innate and the adaptive
immune responses [1]. 
The establishment of the
adaptive T-cell-mediated response
is ultimately dictated by dendritic
These findings suggest that
learning several different song
types is costly and highly
condition-dependent, features
unique to the handicap hypothesis
of sexual selection [12].
One weakness of non-
experimental field studies,
including that of Reid et al. [4], is
that they provide little information
on the genetic basis of the
association between male
ornament expression and fitness.
However, two lines of evidence
point to a genetic basis for
variation in song repertoire size. In
the zebra finch, the size of the high
vocal centre was dependent on
song characteristics of both the
foster father and the genetic father
in cross-fostered offspring,
suggesting early environmental
and genetic effects on song
production [11]. Intriguingly,
dominance genetic variance is an
extraordinarily important
component of repertoire size in M.
melodia, as individual inbreeding
coefficients explained 24% of
variation in repertoire size; males
that were more inbred sang fewer
song types [13]. Thus repertoire
size appears to be sensitive to
recessive mutation load, and
females may gain indirect genetic
benefits from preferring males with
complex songs [14], in addition to
other advantages arising from
increased parental care.
These new results by Reid et al.
[4] demonstrate that song
repertoire size is an important
indicator of both short and long-
term fitness benefits in free-living
song sparrows. They establish
that female preference for males
with larger song repertoires will be
favoured by selection. Further
work is required to elucidate the
underlying genetic and
developmental basis of the
association between repertoire
size and fitness, and the precise
nature of the benefits obtained by
females mating with attractive
males. Moreover, the relative
importance of causal (additive
genetic and environmental)
components of repertoire
variation needs investigation.
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Viral Immunity: Cross-Priming
with the Help of TLR3
Cross-presentation is important for regulating T-cell responses to
exogenous antigens and can maintain tolerance (cross-tolerance) or
induce immune responses (cross-priming). Recent exciting results on
the role of the Toll-like receptor TLR3 in promoting cross-priming of
viral antigens provide new insights into the mechanisms that allow
Toll-like receptor signaling to bridge innate and adaptive immune
responses. 
